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Abstract: Alternating-current voltage withstand tests were conducted on cross-linked polyethylene (XLPE) and three
types of polypropylene (PP) insulating materials using the constant stress method. The inverse power model was adopted
as the electrical lifetime model to describe the relationship between electric field strength and breakdown failure time, and
the voltage endurance indices of each material at different temperatures were obtained. The results showed that the
breakdown field strengths of the three PP materials were significantly higher than that of XLPE. At 30 °C, the breakdown
field strength of the blended PP sample was 101.8 kV/mm, whereas that of the XLPE sample was 61.5 kV/mm. The aging
stability of PP was also superior to that of XLPE. At 90 °C, the breakdown field strength of the blended PP sample
decreased by approximately 4.1% compared with that at 30 °C, while that of XLPE decreased by approximately 15.3%.
The differences among PP materials with different formulations were not significant. These findings provide a reference
for the application of PP in power cables and the lifetime assessment under electrical stress.
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Fig.2 Breakdown test platform
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Fig.3 DSC melting curves of four materials
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Tab.1 Melting points and X, of four materials

P i mi/oC XJ%
#1 164.4 24.0
#2 145.3 32.1
#3 147.6 27.7
#4 104.0 18.3
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Tab.2 E, of four materials at different temperatures

#45 . kV-mm’"
. E,

Fdh

30 °C 50 °C 90 °C
#1 101.8 98.8 97.6
#2 100.8 100.5 99.8
#3 98.1 95.4 97.4
#4 61.5 65.9 52.1
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Fig.4 Weibull distribution of sample #1 under different £, and temperatures
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Fig.6 Weibull distribution of sample #3 under different £, and temperatures
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Fig.7 Weibull distribution of sample #4 under different £, and temperatures
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Tab.3 Breakdown failure time of four materials at different £, and temperatures

. . I /s
FEdh THEFGR/(% E,)
30 °C 50 °C 90 °C
80 46 830.0 235572 8032.0
85 3338.6 2857.0 21123
#1
90 2483.6 2521.9 144.1
100 20.4 19.8 19.5
80 18 021.5 16 730.7 4623.0
85 28024 1830.0 2712
#2
90 14472 702.8 257.3
100 20.2 20.1 20.0
80 26 454.8 25 670.4 7749.1
85 3286.0 25535 441.1
#3
90 1624.1 1083.6 143.8
100 19.6 19.1 19.5
80 12073.2 9953.0 1761.2
85 28533 14257 904.6
#4
90 406.5 2725 167.7
100 12.3 13.2 10.4
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Tab.4 n of four materials at different temperatures

n
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30°C 50°C 90 °C
#1 304 30.5 28.0
#2 29.8 29.3 22.7
#3 313 30.7 25.5
#4 313 29.5 238
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